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SUMMARY “ “

Force--test measurements in two-dimensional flow
have been made in the NAC?A4-by 6-foot vertical tunnel
to d.etejmine the aerodynamic characteristics of an NACA
66(215)-014 airfoil equipped with true-contour, straiqht-
contour, and beveled-trailing-edge flaps having chords
ZO percent of the airfoil chord. The results are pre-
sented. in the form of aerodynamic sectio,ncharacteristics
for several flap ‘deflections and for a sealed and un-
sealed gwp at the flap nose,

The slope of the lift curve, the effectiveness of
the flap, and the negative slopes of the hinge-moment
curves generally decreased as the trailing--edge angle
was increased, as the gap at the flap nose was opened,
and as roughness was added to the Leading edge of the
airfoile

The aerodynamic center of lift caused by changing
angle of attack ruoved forward as the trailing-edge ang].~ o
was increased and as roughness was added to the airfoil
leading edge. The aerodynamic center of lift caused %y
changing flap deflection tended to move forward when the
trailing-edge angle was increased and, when roughness
was added to the airfoil leading edge, ‘tended to move
rearward for the true-contour flap, to remain unchanged
for the straight-contour flap, a~d to move forward for
the leveled-trailing-edge flap.

~he effects of beveled trailing edges on the charac-
teristics of a plain flap on a low-drag airfoil were not
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significantly different fron the effects previously
noted.for sinilar modifications on conventional air–
fotls.

m!I!ItoD’uc!210N

An extensive t~~o-dimensional-flew investigation of
the aerodynaulic section characteristics of airfcils with
flaps has been undertaken hy the NACA to determine the
types of flap arrangement best suited for use as control
surfaces and to supply ezperiu.ental data for design pur-
poses. The investigation has included modifications of
flap-nose shape, ‘balance length, and gap size on a %
percent thick low-drag airfoil and on 9- and 15-percont-
thick conventional airfoils, Other modifications have
inclu~ed the use of a straight-contour fla~ and a _oevel~d-
trailingj-edge fla~. The results of some of these ifives- ●

tigations were reported i.nreferences 1 to .5. Reference
6 has used the trailin~edge angle of tilebeveled-trail-.
ing-edge flap as a basis for correlation, .

High-speed airplanes require the use of airfoil
sections with low peak ~ressures , such as low-drag sec-
tions, for tail surfaces to alleviate the d:~,ngerof shock
Stallc In order to extend airfoil profile alterations
to low-drag airfoil contours, tests haq?ebeen made of
the IfACUL66(215)-014 airfbil equipped with true-contour,
fla+contour, and fieveled-trailin&~edge fl.apu. Through-
out the present paper, the flap having the sane contour
as the trailing er3.geof the basic airfoil vrill be re-
ferred to as the true-contour flap, the flap having at
contour forraed by straight lines drawn from the flap noso
arc to tho trailing edge as the straight-contour flap,
and the flap formed by thickening and %evbling the tro.il-
ing-e~ge’portion of a straight-contour flap as the
beveled-trailin~edge flap.

!l?hetests were made in the NAGA 4- by %foot verti-
cal tunnel described in reference 7. ~h~ test SeCtiOD

.
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of this tunnel has Iyaea converted from the original
open, c~~eu~~~, 5-foot &i&meter jet to a closed, rec–
ta~gular, 4- by 6-foot throat for force tests of models
in two--din.ensionalflow. A three-component balance
system has been installed in the tunnel to measure lift$
drag, and pitching moments, The hinge moments of the
flap were measured from ?,ppecial torqu~rod balance
built into the model. ,

The 2-foot-chord by +foot-span model (fig. 1) was
built of laminated mahogany to the NACA 66(215)–014
profile, (See table I.) The hirfoil vJa.sequipped with
a true-contour flap and a beveled--trailing-edge flap
with chords 30 percent ~f the airfoil chord (0.30c).
The cusp of the true-contour flap was filled in with
plasticize to form tb.e straight-contour flap used in
part of the tests. !Fhe nose radius of each flap was
approximately o,ne—half the airfoil thickness at the flap
hinge axiss a~.d the flap g%p was 0.C02C. Tor the sealed.-
gap tests, a rubber sheet was connected between tho nose
of the flap antithe airfoil.

The model! when mounted in the tunnels completely
spanned the test section and was attached to the balance
frame by torque tu%es that extended through the sides
of the tunnel. The angle of attack was set from outside
the tunnel by rotating the torque %uhes with an electric
drive.

!rEs!i?s

The tests were made at dynamic pressures of 11.25
and 15.00 pounds ~or square foot$ which correspond,
respectively, to ,airspeeds of about 66 and 76 miles per
hour at standard sea-level conditions. The effective
ReynoZ.iisnumbers of the tests were approximately
2,400,000 and 2,7601000. The effective Reynolds number-
is the product of the test Reynolds number and the tur-
bulence factor, wQich. is 1.93 for the 4- by 6-foot ver-
tical tunnel.

The three flap contours tested were se% at flap de-
flections from 0° to 30° in increments to 5°$ including
ani’.additionaldeflection of 2°, with the gap both sealed.
and unsealed, For each flap settings the values of lift,
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dragi pitching moment, and flap hin”gemoment were read
throughout the angle-of-attack range from negative stall
to positive stall. All readings were taken at incre~ents
of angle of attack of 2°a except near the stall where
the increment was reduced to 1°,

,* ,,,,

Torte tests were also made at an angle of attack
of 0°, at flap deflections from 0° to 30° in increments
of 5° (including an additional deflection of 2°) ih
order to provide a check for the tests pI?Gvi.ouslYaon-
tioned and to obtain data for measuring sofieof the
parameters without cross-plotting.

In order to determine the effect of a fixed transi-
tion point near the leading edge on the aerod~namic
characteristics, force tests were also made with surface
roughness extending back approximately 2.7 inches (O,llc)
from the airfoil leading edge, The roughness consisted
of Carborundum particles of the size and distribution
referred to as standard roughness in reference t?.

The accuracy of the data is indicated by the devia-
tion from zero of the lift and moment coeffici.ente at
an angle oi’attack of 0° with the flap neutral. The
maximum error in effective angle of attack at zero lift
appeared to be about +0,2°. Flap deflections were set
to within +0.2°. Tunnel corrections experimentally de-
termined in the 4- by 6-foot vertical tunnel, were
applied only to lift. Yhe hinge moments are probably
slightly higher than would he ahtairied in free air ands
consequently, the values presented. are considered con-
servative. (See reference 9,) The increments of drag
should be reasonably independent of tunnel effect, al-
though tho absblute values are subject to unknown tunnel
and turbulence corrections.

!?hecoefficients and,symbols used in this paper are
d.efiriedas follows:

.
cl airfoil section lift coefficient ( 2/q.c)

‘%() airi’oil section profile drag coefficient (do/qc)

Cm airfoil section pitching-moment coefficient about
quarter-chord point of airfoil (m/qc~)
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m

hf

c

Cf

a.

Re

flap section hinge-mment coefficient

airfoil section I,ift

airfoil section prefilja drag

airfoil section pitching moment about
chord point of airf!oil

flapsection hinge modent

gueMrter-

chord of basic airfoil!with i’lapneutval

flap chord

ilynamicpressure

aagle of attack fbr airfoil of infinite aspect
ratio, clegaees

flap defle~tion with respect to airfoil, degrees

trailing edge angle -- included between sides which
form t~ai13.ng edge of flap, degrees,

?$fective Reynalds number

PIIESXNTM?IOtiOF RESULTS

l?heaerodynamic sectiow characteristics of the NAOA
66(225)@14 airfoil fer a gap @f 0.0C2C and for the gap
sealed ar~ presented in figures 2 and 3, respectively,
for the O,fiOCtrue--~o~.~ou,rf$ap, in figures 4 and 5,
reepecti.vely$ fcr the 0.30c straight-contour flap, and
in figure~ 6 and 7’,ra,spe.ct.ively,for the 0.30c beveleti-
trailiu~dge flap.

4 comparison of the aeredynanic section characteri~-
tics at zero flap il$u~ctioU with snooth and roughened

..



6
.

leading edge for thf3tru~cont our, straight-contour, and
llevel.ed-trailin~edge flaps is shown in figure 8 with a
gap of 0.002c and in figare 9 with the gap sealed. The
variation of the aerodya~lic section charact.cri~tics with

flap deflection for tk~ true contour, straight-contour,
ant tievclcxl+trailirig-edge flaps {vi.th a smooth and roughened
leading e~ge at zero angle of attack is shown in figures
10 and 11 with a gap of 0.002c and with the gap sealeii$
respectively.

Increments of section profile-drag coefficient
caused by deflecting the flaps are given in figure 12
for the %uue-contoua flap, in figure 13 for the strai~hk
contour fiap, and in i’ibgure14 for the be~ioled-traij.ing-
ed.geflap. Yigure 35 shows the,effact of Reynolds nuinber
on the airfoil with the true—contour fla--at zero deflec-
tion with tke ga~ sealed. d

●

(~ ~hfmf)o,o are shown in f~gure 16 as functioas of tke

trailing-edge angle for a gap of 0.002c slidtor the gap
-.

saaled with a snooth and roughened leadiilg edge. “23.c
‘various parai~eters for the true-contourt straight-contour,
and leveled-trailing-edge flaps , which are presented, Yor
coqarisoa iiltable 11, are the valu. osof slopes =oanurcd
at an angle of attack and a fla~ deflection of Go.

DISCUSSION OF l&ESiUL!fS

General shape of lift curves.- C?heltft curves of—-..-—.. ——. ...—
the straight-contour or beveled-trailin~e&~; e flaps for
various flap deflections and _for Iihegap open (Sigs. 4
and 6) or for the gap closed (figs. !5and 7) have tho
same general shape as the lift curves of the true-contour
flap for the gap o-pan(fig. 2) or for tho gap closed
(fig. 3). !Einogap—o~en,.and gap-sealed co~~ditioasha~’o
different flap deflec~ion ran~es wh.er~ t>i&! lift C.dIYV’9!i

apmoach the linear conditions. l?orthe ga~-open cczld5.-
tions, some nonlinearity occure for the 10’:~iltt 15° fla~
deflections; whereast for the gap-sealed conditicn, thi~
nonlinearity is most nGticeabla for the 15G and 20C fle,p .
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deflections. As the tratling-edge angle increases the
range of flap deflections over which this noillinearity
occurs tends to become larger when the gap is sealed
and to renain the same when the gap is open.

!??heangle of attack at which the airfoil stalled
tended to increaso slightly as the trailing-edge angle
incfeased with the gap open but was approximately the
same with the gap sealed. A comparison of figures 2 and
3 with the data of reference 1 indicates that the lift
curves for various deflections of the true-contour flap
for ‘both the sealed and unsealed gapon the NACA
66(215)-014 airfoil are uore linear and indicate stall
a% greater angles of attack than those of the }TACA66-009
airfoil.

Slow of lift curves.- !l!heslope of the lift curve---
(acl/a.>, —for the true-contour flap was larger than

that for the straight-contour or beveled-trailing-edge
flap with the sealed or unsealed gap. (See table ZI.)
The decrease in .@@hYJ,f for the three flap contours

that occurred with increasing trailing-edge angle nay be
attributed to the increased thickness of the after por-
tion of the airfoil, which caused an increased deviation
in flow from the theoretical flow for thin airfoils. A
decrease in (ik,faq,falso occurred for the three

flap:contours when the gap was unsealed. This trend
agrees qualitatively with the results for the I!T.4CA0009,
0015$ and 66-009 airfoils (references 1 to 5).

Effectiveness of flap.- The effectiveness of the--.-—— —---—
fl?ps, (%O /W)cl was Greatest for the true-contour flap,,

and wa,s ~pproximately the same with. the gap ~oth sealed’
and unsealed. As the trailing-edge an~le increased$ the
effectiveness decreased; and unsealtng the gay further
ceduced the flap effectiveness (table 11).

,.,
With the gap unsealed, all.flaps testecl were ,ef-

fective in producing positive increments of lift at all .
positive flay deflections within the unstalled range of
angle of attack. The flap effectiveness at zero angle
of attack and small flap deflections was greater with the
gap sealed than with the gap unsealed, lut the increments
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of lift farthe high flap deflections with the ge.psealed
were very small or zero in part of the negative anglc-
of~attack range, Although a drop in effectiveness occurred
at high flap deflections at negative angles of attack,
the drop in effectiveness with flap deflection at the
positive angle of attack was not so pronounced for the
EAGA 66(215)-014 airfoil as for the KACA 6S-009 airfoil
(reference 1) and 0015 airfoil (reference 5).

Slo~e of lift curves with controls fr+.- The parqm--.-F
~ter { ac$/a%)cha =0 (table 11) ,isa measure of control-

,.
L

freo stal;lity. !J!hoslo~e of the control--free lift curve
was less than that of the co~trol—fi~~d lift curve for
the irue-centour flap with the gap either sealed.or u,n-
sealed. For the straight-contour flap the slope of
th~ lift curve with control freo was smaller than with
control fixed for the sqalcd gap; whereas no change
occurred for the open gap. The sl~pe of the control–
frca lift cur-rewas larger than that of the control-fixed
lift curve for the beveled-trailin~eiige flap, being
groe.terwhen the gap was unsealed than when soalcd. Com-
parison of the data for the three flap contours shows an
increase in (ac@+h~ O with trailing-edge angle.

It should be noted that these statements aro bL~se&on
SIOPC values measuaed o-vera small angular range and th.oir
use is therefore limited to stability calculations and
other applications which are concerned only with small
changes in angle or attack and deflectiozL.

~ffect of lead~-edge roughness.- The Qffcct of--
$oughness on the airfoil leading edge was to decreaso
the slope of the airfoil lift curves and the effective+
ness of the true—contour, straight-contour, and beveled—
trai.~i.ng-edgeflaps for the gap both sealed and tinsealca.
(See table 11.) !Fhepresence of roughness on the airfoil
leading edge did not change tho tendency of the open gap
and the increased trai~ing-ed.ge angle to rcduco tho
slope of the airfoil lift curve and the flap effoctivencss,

With controls free the slopes of tho lift curves were
larger with a roughmzqi leading edgo than with a smooth
leading edge in all cases except that of the true–contour
flap with gap sealed and the beveled-trailing-edge flaP
with gap tum+eal.ed. For the beveled-trailing–edge flap
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with gap unsealet t$e ybesence of rev.ghnoss resulted in
an unstable condition because both @hf/bu~8f and

The lift coefficient increased relatively linearly
with the flap deflections abovo 10° with either smooth
or roughenod leading edge when the gap was sealed or un-
sealed (figs. 10 and 11). The general effect of rou@-
ness,however, was to reduco the lift coefficient at a
given flo,p deflection and to reduce the na::imum lift
coefficient.

Effect of Reynolds number--- An incroasc in effective

Reynolds numhor from approximately 2,400,000 to 2,’760,000
increased the maximum ‘lift co’effic.ientfrom 1.06 to 1.13
at positi~e angles of attack and from -1.01 to -I*2o at
negative tangles of attack for the NAOA 66(215)–0Z4 air-
foil with a true-contour flap at 6f = 0° with the ga~

sealed. (See fig. 1!5.) Increasing the effective Reynolds
number caused a slight increase in the slope of the lift
Cuz’’ve.The differences in the angles of attack for zero
lift for the two tests is within the limits noted previ+-.
ously under IITestslland is probably the result of errors
in setting the angle of attack or flap deflection.

Hinge Moment of Flap

General sh~e of hinge–moment curves.- The curves----—-— —-—.- —----——
of flap section hinge moment plotted against angle of
attack (figs. 2 to ‘7)were not unusual exceyt for the
l)reaks that occurred at the intermediate and high flap
deflections. TY.ese breaks, generally larf;erwith the
gap sealed than with the gap unsealed, wero probably the
result of fluw separation over the flap.

Slope of hing-e+nament-curves.- !l!hehinge-i~oment----..._..__ ———-— -
parameters for the three flaF contours with the gap
sealed and unsealed are given in table II. Because of
the nonlinearity of the hinge-moment curve? over most of
the angle-of-attack range, the parameter (.achf/a@~f

was measured at af = 0° 0and a. = O over the linear

range previously. mentioned, Although this rango is small, \



these values can he used for comparing the three flap
contours and for stability computation s.;howevei’~ for a
complete comparison the entire set of hinge-m om~nt
curves must “00taken into consideration.

straight-contour flap with the gap unsoalcd; hov<over~
for tho gap both sealed and unsealed, {~ckf/~a:>j8f

was negative for the true-contour flax and was posit ivc~
showing an overbalance for the bevel e,d-trail.in~-ed~e
flap. (See figs. 8 and 9.) The value ~~ckf /?la&F

was wore positive for the flaps with the larger trailin~
edge an~les. This trend agrees qualitati.vel.%.~with the
data of reference 4, hut the actual value of the ch,ange
is larger than that indicated %y the curves of refer-
ence 6.

Values of the parameter (.achf/~5f)ab (figs. 10

and 11) were measured at flap deflections from 0° to 5°
because of the nonlinearity of the flap section hinge-
rnomen% curves throughout the flap deflection range. An
increase in trailing-edge angle produces a decrease in
the &egative value of (achf/b6f)ao for the gap sealed

or unsealed (table 11). This trend also a~?rees with the
data of reference 4 but the actual values are again
larger than those indicated by the curves of reference 6.

Effect of leading-edge r~ughness,– Yho effect of-—. .————
leading edge roughness on the variation of (bch#a&jf.. J.
and (acht/~~f~mo with trailing-edge angle and gay con-

dition for tho 0.30c flaps on the NACA 66(215)-014 air-
foil (fig, 16) was to make both ~~chf/~a&f and

edge rou:”hnees did not alter the gonoral tendency of

~bchf/+~f and (b.hf/a6f)ao to ~ecome more yositiv~

with increases in trailing-edge angle and wfth unseal-
$ng tho gap.

I!!ftcctof Reynolds. number.- An increase in cffcctivo-— —.
Reynolds number from approximately 2,400,000 to 2,760,000
slightly increased the negative value of ~bchf/~~&’
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for the true-contour flap at 8f = 0° with the gap

sealed (fig. i5)Q q~~ediffer~ne~ in the values cf the
bingo-momont coefficient at CLo= O“ proba%ly resulted.
from errors in setting the angle of attack and flap do-
flectione

Pitching Hornent

The values of th.o‘parameters (acm/act)Go ma

(acm/acl)~f, shown in table II, give the yosition of the

aerodynamic center with respect to the quarter-chord
point. When the lift was varied by changing tho angle
of attack at a flap deflection of 0°, the aerodynamic
center of the smooth airfoil with a sealed gap was at
0.25c for the true-contour flap, 0.22c for the straight-

* contour flap, and 0.20c for the beveled trailing-edge
This trend agrees qualitatively with the resultsflap~

in reference 4. With roughness on tho leading edge, tko
? aerodynamic center moved slightly forward to 0.24c for

the tru~contour flap, to 0.21c for tho straight-contour
iih& ,tctc’oiilgs:for tho b~velqd-”trailin~edge flap. Un-
sealing the gap genei”ally Ylad little effect on the
position of the aerodynamic center. Increasing the ef-
fective Ileyno$ds number had.very little effect on the
aerodynamic center bf t:e airfoil with the sealed true-
contour flap at ~f = O (fig. 15).

.

.
.

The following table gives the position of the a~ro-
iiynamic center of lift due to flap deflection:

USL:3 ‘

Aerodynamic center

Leading
edge

‘rue-~!e~~tour ..=::-
0.002a Sealed 0.002c lSealed ● >-J :

gap gap gap gap
I

6mooth 0,43C
I

0*41C 0.43C
Rough .~~c .44C .43C 42si_ is

With roughaess on the leading edge, the aerodynamic,
center of lift caused by flap deflection moved rearward ‘

.’
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about 0.03c fOr the true-contour flapf remained un-
changed for the straight-contour flap$ zmd timed 0.02c
to 0.03c forward for the beveled.-trailing-edge flap.
Yhe position of the aerodynamic center of lift caused 327
flap deflections is a function of the aspect ratio (ref-
erence 10) and moves toward the trailing edge as the
aspect ratio decreases. It can be seen that, if the
aerodynamic-center positions are plotted against

~~chf/~%&f a@ ~~chf/a5f)a0 there is a general trend

for tho aerodynamic centers to move forward as the
slopes of’the hinge-moment curves become moro positivo+

Drag .

Because the turbulence of the 4- IIY6-foot vertical
tunnel made it impossible for the low-drag condition tc
be roalizcd on the NACA 66(215)-014 airfoil and hocaus~
of tho unknown tunnel correction, the measured Talues of
drag cannot be considered absolute and are not presented
in the FeeSent report. The incremental Values, however,
should be re~atively independent of tunnel effect , <and,
therefore, increments of profile drag caused hy tleflec-
tion of the true--contour, straight-contour, ana be~oled-
trailing-edge flaps are shown in figures 12? 13S and 143
respectively. Theee increments were determined hy de-
ducting the drag coeffibi.bat~of the airfoil with the
flap neutral from the drag coefficient with the flap de-
flected, with all ether factors remaining constant, ~’.-T
:--1‘:.-

~or all three flap coritoursat a. = O0 and at

positive flap deflect~ons a%ove 120,, the i.ficre~entsof
drag coefficient were larger with the gap ‘-znsealedthan
with the gap sealed.

Comparison of figures 12 to 14 indicates that de-
flecting the true-contour flap generally caused t~e
largest increment of drag; whereas deflecting the beveled-
trailing-edge flap caused the least 5ncrement. I’/henthe
&ata of figures 12 to 14 were compared on an equal lift-
increcieritbasis rather than on an equal flap-deflection
%asis, the true-contour flap still produced larger drag
increments than the other flaps o’rera range of about
0.4 ill Acz, but the difference in the increments was

much less than shown in the figures.



13

Tests have been made of the Ii.4CA66[215)-014 air-
foil eq.ui’-ppedwith true-contour, straight-contour, and
beveled-trailing-edge flaps having chords equal to GO
percent of’the airfoil chord. The effects that increas-
ing the trailinbgedge angle had in decreasing the lift
over the airfoil trailing edge were not significantly
dj.ffere~.tfrom the effects previously noted on conven-
tional airfoils and are contained in the following con-
clusions:

1. !Cheslope of the airfoil lift curve was largest
with the sealed true-contour flap and decreased as the
gap at the flap nose was opened, as tho trailing~edge
angle was increased, and tasroughness was added to the
airfoil leading edge.

2. The slope of the lift curve with controls free
(zcxroflap hii~gemonent) generally increased as the
trailt~b%cdge angle increased and as roughness was added
to the airfoil leading edge, The effect of the sap at
the hlrgc line va,ried with trailing-edge angle and with
the aiidition of roughn.oss to tho aii-foilIcading edge.

3. The effectiveness of the flap in producing lift
was gi-eatest with the true-contour flap and generally
decreased as the gap at the flap nose was opened, as
the trailin~edge angle was increased, and as roughness
was added to the airfoil leading edge.

A The slope of the curves of hinge moment plotted
sigaia~~ angle of attack at a flap deflection of 0° and
small angles of attack was approximately zero for the
strai@t+contour flap, negative for the true-contour
flap, and positive for the beveled-trailing-edge flap.
The negative slopes of the curves of hingemoment plotted
agaiizstflap deflection for all tkree flap contours de-
creased as the trailin~edge angle increased, as roughness
was added to the leading edge of the airfoil, and, for
the straight-contour and %e~~eled-trailin~edge flaps, as
the gay at the flap nose was unsealed,

5. When the lift was varied by changing the angle
of attack at zero flap deflection, the ael+odyll~niccenter
0$ the smooth airfoil with a sealed gap moved forward as
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the trailing-edge angle was increased.. Urlscaling the
gap F-adlittle effect on the aerociynanic center ; whereas
the addition of leadin~eQe roughness moved. the aero-
dynzwzic center forward 1 or 2 percent of thQ airfoil
cho~d. At constant angle of attack the acrodynanic
c~ntcxrof lift caused by flap deflection also tended to
nGve forward as the trailin~edge angle was increased.
Uns~aling the gap or adding roughness at tho airfoil
icading edge tended to nove the aerodynamic center r*2aP-
war’dfor the true–contour flap and forward for the
3e~-ele&-trailin6-edge flap.
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TABLE I

ORDINATES FOR KACJIE6(215)-OW AIRFOIL

[Stations and ordinates in ~ercent of airfcil clzorlj

I station

o
.5
,75

2.25
2*5
5.0
7.5
10
15
20
25
30
3s
~o
45
50
55
60
6!5
70
75
80
85
90
95
1(?0

I Layj* rc.dius:1.2@fj
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Parameters

i)c \\(—,
%Jchf= (

(a)Chf”--—
?mf

ab .
s

TABLE II

l?ABANEl?~ZRVALUES OF FLAPS 03’0.30c TESTED

ON THE NACA 66(215)-014 AIR1OIL IN THE

EACA 4- BY 6-FOOT VERTICAL TUNNEL

leading-
edge

surface

[
Smooth

L
?.ough

{
smooth

1 Rough

jkmooth

L
Rough-

[
Smooth

1
Rough’:

[
smooth

1
Rough

‘Smooth
)

t
Rough

rSmooth

i Rough

~)rue-
contour
flap ;
# =-”%o

Gap,
sealed
——

-0.58

–.56

,y~

*092

● 064

● 059

.005

.013

-,16C

-.189

–e 0081

–, 0079

-* 0134

–* 0122

Gajp,
).O02C
—.

-0.59

–.53

● 094

.088

.061

.062

● 003

,011

--.183

-.21’3

-.0086

-00077

-.0146

-.014C

Straight-
cOntour
flap;

p= 19.3”

-0.58

–.55

.090

.084

,087

● 091

.028

.038

–.172

–.174

-00005

.0008

-*00’76

-e0C52

Gap,
)*O02C

-0.53

-,46

.085

*031.

.085

.091

.032

,041

-.184

-,180

0

● QClo

-, 0CW9

-, 0036

Beveled–
trailing-
edge flap;
,~= 300

~

(lap,
~ealed

.O.5E

--.4a ~

.084

.080

,189

.358

● 045

.062

-.159

–.132

.00’49

..0057

-*0022

-.00(?8

Gap,
1,O02C

-0.46

-.42

~079

● 077

,282

Diver-
gent

.058

,062

-.150

-* 125

.0056

.0058

-.0010

● 0010
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WIND-T’UNNZL INVEST IGATION OF CONTROL-SURFAC!E

CIW3AC!I?ERISTICS., XK – VARIOUS CONTOUR 1u1ODIl?ICATIONS

03’A O.30–AIRFOIL–CHORD PLAIN 3!’LAPON AN NAGA

66(215)–014 AIRl?O”IL

ilyPaul E. Purser and John M. Riebe

SUMMARY “ “

Force-test measurements in two-dimensional flow
have been made in the NAC?A4-by 6-foot vertical tunnel
to d.eternine the aerodynamic characteristics of an NACA
66(215)-014 airfoil equipped with true-contour, straiqht-
contour, and beveled-trailing-edge flaps having chords
30 percent of the airfoil chord. The results are pre-
sented. in the form of aerodynamic sectio,ncharacteristics
for several flap ‘deflections and for a sealed and un-
sealed g~p at the flap nose,

The slope of the lift curve, the effectiveness of
the flap, and the negative slopes of the hinge-moment
curves generally decreased as the trailing--edge angle
was increased, as the gap at the flap nose was opened,
and as roughness was added to the Leading edge of the
airfoil.

The aerodynamic center of lift caused by changing
angle of attack ruoved forward as the trailing-edge ang].e o
was increased and as roughness was added to the airfoil
leading edge. The aerodynamic center of lift caused %y
changing flap deflection tended to move forward when the
trailing-edge angle was increased and, when roughness
was added to the airfoil leading edge, ‘tended to move
rearward for the true-contour flap, to remain unchanged
for the straight-contour flap, a~d to move forward for
the leveled-trailing-edge flap.

~he effects of beveled trailing edges on the charac-
teristics of a plain flap on a low-drag airfoil were not
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significantly different fron the effects previously
noted.for sinilar modifications on conventional air–
fotls.

m!I!ItoD’uc!210N

An extensive t~~o-dimensional-flew investigation of
the aerodynaulic section characteristics of airfcils with
flaps has been undertaken hy the NACA to determine the
types of flap arrangement best suited for use as control
surfaces and to supply ezperiu.ental data for design pur-
poses. The investigation has included modifications of
flap-nose shape, ‘balance length, and gap size on a %
percent thick low-drag airfoil and on 9- and 15-percont-
thick conventional airfoils, Other modifications have
inclu~ed the use of a straight-contour fla~ and a hevel~d-
trailing+edge fla~. The results of some of these ifives- ●

tigations were reported i.nreferences 1 to .5. Reference
6 has used the trailin~edge angle of tilebeveled-trail-.
ing-edge flap as a basis for correlation, .

High-speed airplanes require the use of airfoil
sections with low peak ~ressures , such as low-drag sec-
tions, for tail surfaces to alleviate the d:~,ngerof shock
Stallc In order to extend airfoil profile alterations
to low-drag airfoil contours, tests haq?ebeen made of
the IfACA 66(215)-014 airfbil equipped with true-contour,
flat=contour, and beveled-trailin&~edge fl.ap~. Thrcmgh-
out the present paper, the flap having the sane contour
as the trailing edge of the basic airfoil krill be re-
ferred to as the true-contour flap, the flap having at
contour forued by straight lines drawn from the flap noso
arc to tho trailing edge as the straight-contour flap,
and the flap formed by thickening and %evbling the tro.il-
ing-e~ge’portion of a straight-contour flap as the
beveled-trailin~edge flap.

The tests were made in the NAGA 4- by %foot verti-
cal tunnel described in reference 7. ~h~ test SeCtiOD

.

.
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of this tunnel has Iyaea converted from the original
open, circu~ar, 5-foot &i&meter jet to a closed, rec–
ta~gular, 4- by 6-foot throat for force tests of models
in two--din.ensionalflow. A three-component balance
system has been installed in the tunnel to measure lift$
drag, and pitching moments, The hinge moments of the
flap were measured from ~,ppecial torqu~rod balance
built into the model. ,

The 2-foot-chord by +foot-span model (fig. 1) was
built of laminated mahogany to the NACA 66(215)–014
profile, (See table I.) The hirfoil vJa.sequipped with
a true-contour flap and a beveled--trailing-edge flap
with chords 30 percent ~f the airfoil chord (0.30c).
The cusp of the true-contour flap was filled in with
plasticize to form tb.e straight-contour flap used in
part of the tests. !Fhe nose radius of each flap was
approximately o,ne—half the airfoil thickness at the flap
hinge axiss a~.d the flap g%p was 0.C02C. Tor the sealed.-
gap tests, a rubber sheet was connected between tho nose
of the flap antithe airfoil.

The model! when mounted in the tunnels completely
spanned the test section and was attached to the balance
frame by torque tu%es that extended through the sides
of the tunnel. The angle of attack was set from outside
the tunnel by rotating the torque %uhes with an electric
drive.

!rEs!i?s

The tests were made at dynamic pressures of 11.25
and 15.00 pounds ~or square foot$ which correspond,
respectively, to ,airspeeds of about 66 and 76 miles per
hour at standard sea-level conditions. The effective
ReynoZ.iisnumbers of the tests were approximately
2,400,000 and 2,7601000. The effective Reynolds number-
is the product of the test Reynolds number and the tur-
bulence factor, wQich. is 1.93 for the 4- by 6-foot ver-
tical tunnel.

The three flap contours tested were se% at flap de-
flections from 0° to 30° in increments to 5°$ including
ani’.additionaldeflection of 2°, with the gap both sealed.
and unsealed, For each flap settings the values of lift,
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dragi pitching moment, and flap hin”gemoment were read
throughout the angle-of-attack range from negative stall
to positive stall. All readings were taken at incre~ents
of angle of attack of 2°a except near the stall where
the increment was reduced to 1°,

,* ,,,,

Torte tests were also made at an angle of attack
of 0°, at flap deflections from 0° to 30° in increments
of 5° (including an additional deflection of 2°) ih
order to provide a check for the tests prGvi.ouslY aon-
tioned and to obtain data for measuring sofieof the
parameters without cross-plotting.

In order to determine the effect of a fixed transi-
tion point near the leading edge on the aerod~namic
characteristics, force tests were also made with surface
roughness extending back approximately 2.7 inches (O,llc)
from the airfoil leading edge, The roughness consisted
of Carborundum particles of the size and dist~ibution
referred to as standard roughness in reference t?.

The accuracy of the data is indicated by the devia-
tion from zero of the lift and moment coeffici.ente at
an angle of attack of 0° with the flap neutral. The
maximum error in effective angle of attack at zero lift
appeared to be about +0,2°. Flap deflections were set
to within +0.2°. Tunnel corrections experimentally de-
termined in the 4- by 6-foot vertical tunnel, were
applied only to lift. Yhe hinge moments are probably
slightly higher than would he ahtairied in free air ands
consequently, the values presented. are considered con-
servative. (See reference 9,) The increments of drag
should be reasonably independent of tunnel effect, al-
though tho absblute values are subject to unknown tunnel
and turbulence corrections.

!?hecoefficients and,symbols used in this paper are
defined as follows:

.
cl airfoil section lift coefficient ( 2/q.c)

‘%() airi’oil section profile drag coefficient (do/qc)

Cm airfoil section pitching-moment coefficient about
quarter-chord point of airfoil (m/qc~)
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chf

whete

2

do

m

hf

c

Cf

a.

Re

flap section hinge-mment coefficient

airfoil section I,ift

airfoil section prefilja drag

airfoil section pitching moment about
chord point of airf!oil

flapsection hinge modent

gueMrter-

chord of basic airfoil!with i’lapneutval

flap chord

ilynamicpressure

aagle of attack fbr airfoil of infinite aspect
ratio, degrees

flap defle~tion with respect to airfoil, degrees

trailing edge angle -- included between sides which
form trai13.ng edge of flap, degrees,

affective Reynalds number

l?heaerodynamic sectiow characteristics of the NAOA
66(21.5)@14 airfoil fer a gap @f 0.0C2C and for the gap
sealed ar~ presented in figures 2 and 3, respectively,
for the O,fiOCtrue--~o~.~ou,rf$ap, in figures 4 and 5,
reepecti.vely$ fcr the 0.30c straight-contour flap, and
in figure~ 6 and 7, ra,spe.ct.ively,for the 0.30c beveleti-
trailiu~dge flap.

J$comparison of the aeredynanic section characteri~-
~ics ~~ Zero flap il$u~ctioU with snooth antiroughened

..



6
.

leading edge for thf3tru~cont our, straight-contour, and
llevel.ed-trailin~edge flaps is shown in figure 8 with a
gap of 0.002c and in figare 9 with the gap sealed. The
variation of the aerodya~lic section charact.cri~tics with

flap deflection for tk~ true contour, straight-contour,
ant tievclcxl+trailirig-edge flaps {vi.th a smooth and roughened
leading e~.geat zero angle of attack is shown in figures
10 and 11 with a gap of 0.002c and with the gap sealeii$
respectively.

Increments of section profile-drag coefficient
caused by deflecting the flaps are given in figure 12
for the %uue-contoua flap, in figure 13 for the strai~hk
contour fiap, and in i’ibgure14 for the be~ioled-traij.ing-
ed.geflap. Yigure 35 shows the,effact of Reynolds nuinber
on the airfoil with the true—contour fla--at zero deflec-
tion with tke ga~ sealed. d

●

(~ ~hfmf)o,o are shown in f~gure 16 as functioas of tke

trailing-edge angle for a gap of 0.002c slidtor the gap
-.

saaled with a snooth and roughened leadiilg edge. “23.c
‘various parai~eters for the true-contourt straight-contour,
and leveled-trailing-edge flaps , which are presented, Yor
coqarisoa iiltable 11, are the valu. osof slopes =oanurcd
at an angle of attack and a fla~ deflection of Go.

DISCUSSION OF l&ESi.lL!fS

General shape of lift curves.- C%e ltft curves of—-..-—.. ——. ...—
the straight-contour or beveled-trailin~e&~; e flaps for
various flap deflections and _for Iihegap open (Sigs. 4
and 6) or for the gap closed (figs. !5and 7) have tho
same general shape as the lift curves of the true-contour
flap for the gap o-pan(fig. 2) or for tho gap closed
(fig. 3). !E!nogap—o~en,.and gap-sealed co~~ditioasha~’o
different flap deflection ranges Wh.erothe lift c.dr-~~s

apmoach the linear conditions. l?orthe ga~-open cczld5.-
tions, some nonlinearity occure for the 10’:ailii15° fla~
deflections; whereast for the gap-sealed conditicn, thi~
nonlinearity is most nGticeabla for the 15G and 20C fle,p .
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deflections. As the tratling-edge angle increases the
range of flap deflections over which this noillinearity
occurs tends to become larger when the gap is sealed
and to renain the same when the gap is open.

!??heangle of attack at which the airfoil stalled
tended to increaso slightly as the trailing-edge angle
incfeased with the gap open but was approximately the
same with the gap sealed. A comparison of figures 2 and
3 with the data of reference 1 indicates that the lift
curves for various deflections of the true-contour flap
for ‘both the sealed and unsealed gapon the NACA
66(215)-014 airfoil are uore linear and indicate stall
a% greater angles of attack than those of the }TACA66-009
airfoil.

Slow of lift curves.- !l!heslope of the lift curve---
(acl/a.>, —for the true-contour flap was larger than

that for the straight-contour or beveled-trailing-edge
flap with the sealed or unsealed gap. (See table ZI.)
The decrease in .@@h$,f for the three flap contours

that occurred with increasing trailing-edge angle nay be
attributed to the increased thickness of the after por-
tion of the airfoil, which caused an increased deviation
in flow from the theoretical flow for thin airfoils. A
decrease in (ik,faq,falso occurred for the three

flap:contours when the gap was unsealed. This trend
agrees qualitatively with the results for the I!T.4CA0009,
0015$ and 66-009 airfoils (references 1 to 5).

Effectiveness of flap.- The effectiveness of the--.-—— —---—
fl?ps, (%O /w)cl was Greatest for the true-contour flap,,

and wa,s ~pproximately the same with. the gap ~oth sealed’
and unsealed. As the trailing-edge an~le increased$ the
effectiveness decreased; and unsealtng the gay further
ceduced the flap effectiveness (table 11).

,.,
With the gap unsealed, all.flaps testecl were ,ef-

fective in producing positive increments of lift at all .
positive flay deflections within the unstalled range of
angle of attack. The flap effectiveness at zero angle
of attack and small flap deflections was greater with the
gap sealed than with the gap unsealed, lut the increments
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of lift farthe high flap deflections with the ge.psealed
were very small or zero in part of the negative anglc-
of~attack range, Although a drop in effectiveness occurred
at high flap deflections at negative angles of attack,
the drop in effectiveness with flap deflection at the
positive angle of attack was not so pronounced for the
EAGA 66(215)-014 airfoil as for the KACA 6S-009 airfoil
(reference 1) and 0015 airfoil (reference 5).

Slo~e of lift curves with controls fr+.- The parqm--.-F
~ter { ac$/a%)cha =0 (table 11) ,isa measure of control-

,.
L

freo stal;lity. Tho slo~e of the control--free lift curve
was less than that of the coatrol—fi~ed lift curve for
the irue-centour flap with the gap either sealed.or u,n-
sealed. For the straight-contour flap the slope of
th~ lift curve with control freo was smaller than with
control fixed for the sqalcd gap; whereas no change
occurred for the open gap. The sl~pe of the control–
frca lift cur-rewas larger than that of the control-fixed
lift curve for the beveled-trailin~eiige flap, being
groe.terwhen the gap was unsealed than when soalcd. Com-
parison of the data for the three flap contours shows an
increase in (ac@+h~ O with trailing-edge angle.

It should be noted that these statements aro base& on
SIOPC values measuaed over a small angular range and th.oir
use is therefore limited to stability calculations and
other applications which are concerned only with small
changes in angle or attack and deflectiozL.

~ffect of lead~-edge roughness.- The Qffcct of--
$oughness on the airfoil leading edge was to decreaso
the slope of the airfoil lift curves and the effective+
ness of the true—contour, straight-contour, and beveled—
trai.~i.ng-edgeflaps for the gap both sealed and tinsealca.
(See table 11.) !Fhepresence of roughness on the airfoil
leading edge did not change tho tendency of the open gap
and the increased trai~ing-ed.ge angle to rcduco tho
slope of the airfoil lift curve and the flap effoctivencss,

With controls free the slopes of tho lift curves were
larger with a rougllon@ leading edgo than with a,smooth
leading edge in all cases except that of the true–contour
flap with gap sealed and t~e beveled-trailing-edge flaP
with gap tum+eal.ed. For the beveled-trailing–edge flap
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with gap unsealet t$e ybesence of rev.ghnoss resulted in
an unstable condition because both @hf/bu~8f and

The lift coefficient increased relatively linearly
with the flap deflections abovo 10° with either smooth
or roughenod leading edge when the gap was sealed or un-
sealed (figs. 10 and 11). The general effect of rou@-
ness,however, was to reduco the lift coefficient at a
given flo,p deflection and to reduce the na::imum lift
coefficient.

Effect of Reynolds number--- An incroasc in effective

Reynolds numhor from approximately 2,400,000 to 2,’760,000
increased the maximum ‘lift co’effic.ientfrom 1.06 to 1.13
at positi~e angles of attack and from -laOI ‘CO -I*2o at
negative tangles of attack for the NAOA 66(215)–0Z4 air-
foil with a true-contour flap at 6f = 0° with the ga~

sealed. (See fig. 1!5.) Increasing the effective Reynolds
number caused a slight increase in the slope of the lift
Cur’ve. The differences in the angles of attack for zero
lift for the two tests is within the limits noted previ+-.
ously under IITestslland is probably the result of errors
in setting the angle of attack or flap deflection.

Hinge Moment of Flap

General sh~e of hinge–moment curves.- The curves----—-— —-—.- —----——
of flap section hinge moment plotted against angle of
attack (figs. 2 to ‘7)were not unusual exceyt for the
l)reaks that occurred at the intermediate and high flap
deflections. TY.ese breaks, generally larf;erwith the
gap sealed than with the gap unsealed, wero probably the
result of flow separation over the flap.

Slope of hing-e+nament-curves.- !l!hehinge-i~oment----..._..__ ———-— -
parameters for the three flaF contours with the gap
sealed and unsealed are given in table II. Because of
the nonlinearity of the hinge-moment curve? over most of
the angle-of-attack range, the parameter (.achf/a@~f

was measured at af = 0° 0and a. = O over the linear

range previously. mentioned, Although this rango is small, \



these values can he used for comparing the three flap
contours and for stability computation s.;howevel’~ for a
complete comparison the entire set of hinge-m om~nt
curves must “00taken into consideration.

straight-contour flap with the gap unsoalcd; hov<over~
for tho gap both sealed and unsealed, {~ckf/~a:>j8f

was negative for the true-contour flax and was posit ivc~
showing an overbalance for the bevel e,d-trail.in~-ed~e
flap. (See figs. 8 and 9.) The value ~~ckf /?la&F

was wore positive for the flaps with the larger trailin~
edge an~les. This trend agrees qualitati.vel.:.~with the
data of reference 4, hut the actual value of the ch,ange
is larger than that indicated %y the curves of refer-
ence 6.

Values of the parameter (.achf/~3f)ab (figs. 10

and 11) were measured at flap deflections from 0° to 5°
because of the nonlinearity of the flap section hinge-
rnomen% curves throughout the flap deflection range. An
increase in trailing-edge angle produces a decrease in
the &egative value of (achf/b6f)ao for the gap sealed

or unsealed (table 11). This trend also a~~rees with the
data of reference 4 but the actual values are again
larger than those indicated by the curves of reference 6.

Effect of leading-edge r~ughness,– Yho effect of-—. .————
leading edge roughness on the variation of (bch#a&jf.. J.
and (acht/~~f~mo with trailing-edge angle and gay con-

dition for tho 0.30c flaps on the NACA 66(215)-014 air-
foil (fig, 16) was to make both ~~chf/~a&f and

edge rouj”hnees did not alter the gonoral tendency of

~bchf/+~f and (b.hf/a6f)ao to ~ecome more yositiv~

with increases in trailing-edge angle and wfth unseal-
$ng tho gap.

I!!ftcctof Reynolds. number.- An increase in cffcctivo-— —.
Reynolds number from approximately 2,400,000 to 2,760,000
slightly increased the negative value of ~bchf/~~$$
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for the true-contour flap at 8f = 0° with the gap

sealed (fig. i5)Q q~~ediffer~ne~ in the values cf the
bingo-momont coefficient at a. = O“ proba%ly resulted.
from errors in setting the angle of attack and flap do-
flectione

Pitching Hornent

The values of th.o‘parameters (acm/act)Go ma

(acm/acl)~f, shown in table II, give the yosition of the

aerodynamic center with respect to the quarter-chord
point. When the lift was varied by changing tho angle
of attack at a flap deflection of 0°, the aerodynamic
center of the smooth airfoil with a sealed gap was at
0.25c for the true-contour flap, 0.22c for the straight-

* contour flap, and 0.20c for the beveled trailing-edge
This trend agrees qualitatively with the resultsflap~

in reference 4. With roughness on tho leading edge, tko
? aerodynamic center moved slightly forward to 0.24c for

the tru~contour flap, to 0.21c for tho straight-contour
iih& ,tctc’oiilgs:for tho b~velqd-”trailin~edge flap. Un-
sealing the gap genei”ally Ylad little effect on the
position of the aerodynamic center. Increasing the ef-
fective Ileyno$ds number had.very little effect on the
aerodynamic center bf t:e airfoil with the sealed true-
contour flap at ~f = O (fig. 15).

.

.
.

The following table gives the position of the a~ro-
iiynamic center of lift due to flap deflection:

USL:3 ‘

Aerodynamic center

Leading
edge

‘rue-~!e~~tour ..=::-
0.002a Sealed 0.002c lSealed ● >d :

gap gap gap gap
I

6mooth 0,43C
I

O*41C 0.43C
Rough .~~c .44C .43C 42si_ is

With roughaess on the leading edge, the aerodynamic,
center of lift caused by flap deflection moved rearward ‘

.’
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about 0.03c for the true-contour flapf remained un-
changed for the straight-contour flap$ zmd timed 0.02c
to 0.03c forward for the beveled.-trailing-edge flap.
Yhe position of the aerodynamic center of lift caused 327
flap deflections is a function of the aspect ratio (ref-
erence 10) and moves toward the trailing edge as the
aspect ratio decreases. It can be seen that, if the
aerodynamic-center positions are plotted against

~~chf/~%&f a@ ~~chf/a5f)a0 there is a general trend

for tho aerodynamic centers to move forward as the
slopes of’the hinge-moment curves become moro positivo+

Drag .

Because the turbulence of the 4- %y 6-foot vertical
tunnel made it impossible for the low-drag condition tc
be roalizcd on the NACA 66(215)-014 airfoil and hocaus~
of tho unknown tunnel correction, the measured Talues of
drag cannot be considered absolute and are not presented
in the FeeSent report. The incremental Values, however,
should be re~atively independent of tunnel effect , <and,
therefore, increments of profile drag caused.hy tleflec-
tion of the true--contour, straight-contour, ana be~oled-
trailing--edge flaps are shown in figures 12? 13S and 143
respectively. Theee increments were determined hy de-
ducting the drag coeffibi.bat:of the airfoil with the
flap neutral from the drag coefficient with the flap de-
flected, with all ether factors remaining constant, ~’.-.f
:--1‘:.-

~or all three flap coritoursat a. = O0 and at

positive flap deflect~ons a%ove 120,, the i.ficre~entsof
drag coefficient were larger with the gap ‘-znsealedthan
with the gap sealed.

Comparison of figures 12 to 14 indicates that de-
flecting the true-contour flap generallY caused t~e
largest increment of drag; whereas deflecting the beveled-
trailing-edge flap caused the least 5ncrement. I’/henthe
&ata of figures 12 to 14 were compared on an equal lift-
increcieritbasis rather than on an equal flap-deflection
%asis, the true-contour flap still produced larger drag
increments than the other flaps o’rera range of about
0.4 ~il Acz, but the difference in the increments was

much less than shown in the figures.
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Tests have been made of the Ii.4CA 66[ 215)-014 air-
foil eq.ui’-ppedwith true-contour, straight-contour, and
beveled-trailing-edge flaps having chords equal to GO
percent of’the airfoil chord. The effects that increas-
ing the trailinbgedge angle had in decreasing the lift
over the airfoil trailing edge were not significantly
dj.ffere~.tfrom the effects previously noted on conven-
tional airfoils and are contained in the following con-
clusions:

1. !Cheslope of the airfoil lift curve was largest
with the sealed true-contour flap and decreased as the
gap at the flap nose was opened, as tho trailing~edge
angle was increased, and tasroughness was added to the
airfoil leading edge.

2. The slope of the lift curve with controls free
(zcxroflap hii~gemonent) generally increased as the
trailt~b%cdge angle increased and as roughness was added
to the airfoil leading edge, The effect of the sap at
the hlrgc line va,ried with trailing-edge angle and with
the aiidition of roughn.oss to tho aii-foilIcading edge.

3. The effectiveness of the flap in producing lift
was gi-eatest with the true-contour flap and generally
decreased as the gap at the flap nose was opened, as
the trailin~edge angle was increased, and as roughness
was added to the airfoil leading edge.

A The slope of the curves of hinge moment plotted
sigaia~~ angle of attack at a flap deflection of 0° and
small angles of attack was approximately zero for the
strai@t+contour flap, negative for the true-contour
flap, and positive for the beveled-trailing-edge flap.
The negative slopes of the curves of hingemoment plotted
agaiizstflap deflection for all tkree flap contours de-
creased as the trailin~edge angle increased, as roughness
was added to the leading edge of the airfoil, and, for
the straight-contour and %e~~eled-trailin~edge flaps, as
the gay at the flap nose was unsealed,

5. When the lift was varied by changing the angle
of attack at zero flap deflection, the ael+odyll~niccenter
0$ the smooth airfoil with a sealed gap moved forward as
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the trailing-edge angle was increased.. Urlscaling the
gap F-adlittle effect on the aerociynanic center ; whereas
the addition of leadin~eQe roughness moved. the aero-
dynzwzic center forward 1 or 2 percent of thQ airfoil
cho~d. At constant angle of attack the acrodynanic
c~ntcxrof lift caused by flap deflection also tended to
nGve forward as the trailin~edge angle was increased.
Uns~aling the gap or adding roughness at tho airfoil
icading edge tended to nove the aerodynamic center r*2aP-
war’dfor the true–contour flap and forward for the
3e~-ele&-trailin6-edge flap.
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TABLE I

ORDINATES FOR KACJIE6(215)-014 AIRFOIL

[Stations and ordinates in ~ercent of airfcil clzorll

I station

o
.5
,75

2.25
2*5
5.0
7.5
10
15
20
25
30
3s
~o
45
50
55
60
6!5
70
75
80
85
90
95

1(?0

I Layj* rc.dius:1.2@fj
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Parameters

i)c \\(—,
%Jchf= (

(a)Chf”--—
?mf

ab .
s

TABLE II

l?ABANET~13VALUES OF FLAPS 03’0.30c TESTED

ON THE NACA 66(215)-014 AIR1OIL IN THFJ

EACA 4- BY 6-FOOT VERTICAL TUNNEL

leading-
edge

surface

[
Smooth

L
Tough

{
smooth

1 Rough

(Smooth

L
Rough-

[
Smooth

1
Rough’:

[
smooth

1
Rough

‘Smooth
)

t
Rough

rSmooth

i Rough

~)rue-
contour
flap ;
# =-”80

Gap,
sealed
——

-0.58

–.56

,y~

* 092

● 064

● 059

.005

.013

-.16C

-.189

–e 0081

–, 0079

-* 0134

–* 0122

Gajp,
).002C
—.

-0.59

–.53

● 094

.088

.061

.062

● 003

,011

--.183

-.21’3

-.0086

-00077

-.0146

-.014C

Straight-
contour
flap;

p= 19.3”

-0.58

–.55

.090

.084

,087

● 091

.028

.038

–.172

–.174

-00005

.0008

-*00’76

-e0C52

Gap,
)*002C

-0.53

-,46

.085

*031.

.085

.091

.032

,041

-.184

-,180

0

● QClo

-, 0CW9

-.0036

Beveled–
trailing-
edge flap;
,~= 300

~

(lap,
~ealed

.O.5E

--.4a ~

.084

.080

,189

.358

● 045

.062

-.159

–.132

.00’49

..0057

-*0022

-.00(?8

Gap,
1,O02C

-0.46

-.42

~ 079

● 077

,282

Diver-
gent

.058

,062

-.150

-* 125

.0056

.0058

-.0010

● 0010
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